It is well known that isoelectric focusing (IEF) possesses a high separation ability for amphoteric compounds, e.g. proteins and peptides. They are separated according to their isoelectric points (pI) in a pH gradient generated by applying an electric field onto carrier ampholytes. Recently, capillary IEFs (cIEFs) have been also performed. The new approaches provide an excellent resolution and simple procedure. After the completion of focusing, analytes should be transported to a detection point. This can be realized either by chemical mobilization (e.g. by replacing the catholyte or anolyte with a salt solution) [1] [2] [3] [4] [5] [6] or by pressure mobilization using a hydrodynamic flow. [7] [8] [9] [10] [11] [12] Because analytes in cIEF studies were ordinarily detected by means of a spectrophotometric method, they should be used at a concentration of ca. 10 -5 M order or over. It is, therefore, expected to apply more sensitive detection methods to cIEFs.
In our previous work, chemiluminescence (CL) detection was for the first time combined with cIEF to carry out protein analysis with high sensitivity. 13 It was demonstrated that the cIEF-CL detection method is very effective for the separation and determination of heme proteins. Heme proteins, such as cytochrome c and myoglobin, were focused in the pH gradient of carrier ampholytes. The focused proteins were transported to a CL detector using chemical mobilization, and were detected using luminol-H 2 O 2 chemiluminescence. The method featured (1) high resolution and sensitivity, e.g., cytochrome c and myoglobin were satisfactorily separated and cytochrome c was detected with a detection limit of 10 -9 M order; (2) a wide dynamic range greater than 2 orders of magnitude; (3) easy operation; (4) small injection volume, ca. 1 µl; (5) inexpensive apparatus and reagents; and (6) simple set-up for the system. However, only the retention time (ca. 30 min) seemed to be unsatisfactory for rapid measurements. The long retention time was caused by slow migrations of the analytes in the pH gradient during chemical mobilization.
In the present study, we aimed to achieve a shorter run time by applying pressure mobilization using hydrodynamic flow, instead of chemical mobilization. Pressure mobilization enables faster elution readily by increasing the hydrodynamic flow velocity of the solution-subjected focusing. We made an interface device between a capillary and a syringe pump for mobilization, to which a plutinum wire was inserted as an anodic electrode. The present mobilization system was very effective for rapid analysis in cIEF-chemiluminescence detection.
Experimental

Chemicals
All of the reagents used were commercially available and of analytical grade. Ion-exchanged water was distilled for use. Pharmalyte 3-10 (Pharmacia Biotech Co.) was used as ampholytes. Hydroxypropylmethylcellulose (HPMC) (viscosity of 2% solution at 25˚C: 4000 cp), horse heart cytochrome c (pI 9.6), and horse heart myoglobin (pI 7.2 and 6.8) were purchased from Sigma Chemical Co. Tetramethylethylenediamine (TEMED) as well as luminol, hydrogen peroxide, and sodium chloride were received from Wako Pure Chemical Industries and Nacalai Tesque Co., respectively.
Interface device at anodic side for pumping Figure 1 shows a schematic diagram of an interface device at anodic side. This device mainly consists of a tee-connector, tubing connectors, Teflon tubes, and metal unions. A platinum wire used as an anodic electrode was inserted into a hole of a tubing connector. A piece of silicone rubber was attached to the wire in order to prevent the solution in the tee-connector from leaking through any gaps. A capillary in a Teflon tube was fixed with a ferrule. The dead space in this device was filled with 10 mM phosphoric acid as an anolyte.
The hydrodynamic flow was established in the capillary by supplying of anolyte from the syringe pump (Model 11 single syringe, Harvard Apparatus, MA, USA).
Chemiluminescence detection apparatus
The chemiluminescence detection cell used was schematically shown in a previous report. 13 The detection cell was made of Teflon, and had a 4 cm outer diameter, a 2.5 cm height, and an 8 ml inner volume. An optical fiber (a core diameter of 2 mm; PGR-FB2000, Toray Industries, Inc.), a fused-silica capillary (GL Sciences Inc.), and a platinum wire used as a grounding electrode were fixed to the cell. That is, the cell also served as an outlet reservoir which included an electrolyte solution. The optical fiber was set up straight to the capillary with a distance of 0.3 mm between them. The grounding electrode was kept away by more than 8 mm from the center of the cell.
Procedure
For preparing sample solutions, heme proteins were dissolved in a solution of 2.0% ampholyte containing 0.2% HPMC and 0.5% TEMED. For conditioning, the capillary (75 µm i.d. uncoated capillary, 25 cm length) was rinsed for 5 min with water, 10 min with 20 mmol dm -3 NaOH, and 5 min with water, prior to each run. The cIEF procedure was as follows. The capillary was filled with a sample solution. Focusing was performed; the applied voltage was 10 kV for 5 min, with 10 mmol dm -3 phosphoric acid as an anolyte and 20 mmol dm -3 sodium hydroxide as catholyte. After the completion of focusing, the catholyte was exchanged for a CL reagent consisting of 5 mmol dm -3 luminol and 400 mmol dm -3 H 2 O 2 in 10 mmol dm -3 Tris solution. Pressure mobilization was subsequently carried out using the pumping apparatus while maintaining a high voltage of 5 kV. The flow velocity in the capillary during mobilization was controlled in the range of 0.025 mm s -1 to 0.25 mm s -1 . When heme proteins as analytes emerged from the capillary during mobilization, they reacted with the CL reagent to produce visible light. The CL light was captured by the optical fiber and carried to a PMT (Model R464, Hamamatsu Photonics, Inc.). The CL detection cell and the PMT were shut up in a light-tight box. The output from the PMT (operated at 900 V) was fed to a photon counter (Model C1230, Hamamatsu Photonics, Inc.) connected to an integrator (C-R6A, Shimadzu, Inc.) to give electropherograms.
Results and Discussion
Performance of interface device for pumping
Since the aperture of the capillary is very small, it may be difficult to supply the solution into the capillary with extremely slow and constant flow velocities. In the case that an interface device between the capillary and the syringe pump has small gaps or holes, the solution in the device may leak out through them by pres- sure, causing an inaccuracy in the mobilization behavior. We fabricated the original interface device for pumping in cIEF, as described in the experimental section. The performance of the pumping system using this device was evaluated by measuring the flow velocity in the capillary. The capillary was filled with the carrier ampholyte, and a CL reagent was added to the detection cell. The solution of cytochrome c was then continuously loaded from the inlet into the capillary by hydrodynamic flow from the syringe pump without applying any voltage. Figure 2 shows typical time-CL intensity profiles of the mobilized cytochrome c at various flow velocities. It was difficult to determine the elution times of cytochrome c correctly, especially at an extremely slow flow velocity, since the front of the protein stream seemed to proceed an extra amount due to diffusion. We estimated the elution time when the CL intensity had reached a plateau. The respective estimated elution times are indicated by arrows in Fig. 2 . The flow velocities were calculated from the elution times and the capillary length.
We compared the caluculated values with the set-up values of the pump in flow velocity (Fig. 3) . The calculated values did not completely agree with the set-up values. The real elution time might be required to be estimated as being slightly larger than that of the present estimation. However, plots of the calculated vs. set-up values indicated a linear relationship with a slope of approximately 1.0. The linear relationship means that the hydrodynamic flow in the capillary can be correctly regulated according to the set-up values of the pump. The pumping system using the interface device seems to be applicable to the mobilization of focused zones with good accuracy.
Pressure mobilization of focused heme proteins
The focused proteins of cytochrome c (pI 9.6) and myoglobin (pI 7.2 and 6.8) were mobilized by pressure using the pumping apparatus. During mobilization, a voltage of 5 kV was maintained so as to suppress the zone dispersion. The effect of maintaining the high voltage during pressure mobilization on the separation efficiency in cIEF was previously shown in several reports. 7, 8, 11 . The run times were successfully reduced to less than 10 min without a large decrease in the peak height compared with those obtained in a previous study. 13 The relative standard deviations of the migration time and the peak height for myoglobin were 11.3% and 12.2%, respectively. Naturally, the faster is the flow velocity, the shorter are the run times achieved. However, it was strange that the migration time was not inversely proportional to the flow velocity, as shown in Fig. 4 . The effective mobilization velocities of the focused analytes might be affected by not only the pressure, but also by electromigration of the analytes and by the electroosmotic flow. This consideration could explain the unexpected results. When the flow velocity was more than ca. 0.04 mm s -1 , the separation of each myoglobin (pI 7.2 and 6.8) was unsatisfactory. The contribution of the parabolic hydrodynamic flow profile to zone broadening was considered to increase along with increasing the hydrodynamic flow velocities, resulting in a poorer resolution at a faster flow velocity. A flow velocity less than ca. 0.03 mm s -1 was required in order to resolve the respective myoglobins with the same resolution as in chemical mobilization. 13 The run time was approximately 20 min shorter than that of chemical mobilization, even if a comparatively slow flow velocity (0.025 mm s -1 ) was adopted. 
